BACKGROUND/OBJECTIVES: To examine whether dietary interventions promote intakes of fruit, vegetable, fish and lower salt intake were effective in preventing cognitive decline in older people. Dietary factors have been associated with cognitive function in older people. SUBJECTS/METHODS: A total of 429 non-demented subjects in 14 old age hostels, with an average age of 83 years, were randomly assigned by hostel to have either regular group dietary counselling and menu changes or advice on hostel menu only. Food and salt intakes were estimated at regular intervals by 24-h recall or food record and fasting urinary sodium, respectively. The primary outcome was cognitive decline as defined by an increase in clinical dementia rating scale score. Secondary clinical outcomes were mini mental state examination, category fluency test, body weight, blood pressures and health-related quality of life. RESULTS: At baseline, the intervention group had more men and lower fish intake. When compared with control group, the intervention group had significantly less decline in intakes of fruit and fish. At month 33%, 22.2% and 27.2% of intervention and control group subjects had cognitive decline, respectively (Unadjusted P ¼ 0.285, w 2 test). There were no significant group changes in secondary clinical outcomes. On subgroup analysis, fewer cognitively normal subjects in intervention group had cognitive decline at month 24 (adjusted P ¼ 0.065). CONCLUSIONS: Dietary interventions in older people were effective in maintaining fruit and fish intake, but this did not lead to a significant reduction in cognitive decline.
INTRODUCTION
Dementia is a major threat to independence and quality of life in old age. Older people under institutional care are particularly at risk, the prevalence of dementia ranging from 27% in residential home to 65% in nursing homes. 1 There is increasing evidence that dietary patterns such as the Mediterranean diet are important determinants of dementia or AD. 2, 3 A diet low in saturated fat but high in polyunsaturated fat, particularly omega 3 from oily fish, 4, 5 and high in fruit and vegetables, 6, 7 is associated with reduced risk of dementia by as much as a half. Blood pressure lowering in hypertensive subjects can also reduce the risk of dementia and Alzheimer disease. 8 Reduction in sodium intake, which is effective in lowering blood pressure in older people, 9 may therefore prevent cognitive decline in older people.
We therefore proposed a 'brain preservation diet' that consisted of high intakes of vegetables, fruits and fish and low intake of salt to prevent cognitive decline in older people. 10 To examine its effectiveness, we performed a randomized trial of dietary intervention to promote this dietary pattern to prevent cognitive decline in non-demented old age hostel residents.
MATERIALS AND METHODS
All residents aged 75 years or over in 14 old age hostels run by two nongovernment organizations (NGO) participated in the trial. Tube-fed residents and those on special diet due to chronic renal failure were excluded. The old age hostels in Hong Kong were originally designed to provide shelter for the social disadvantaged older people. A typical hostel housed about 100 residents who shared rooms with 6-8 people. All residents shared the same dining and living areas. Three main meals were provided by the hostels. Most residents were self-caring, though a minority of residents required some personal care assistance.
After obtaining written consent from eligible subjects, a structured questionnaire was administered by research assistant (RA) to obtain information on demographics and history of chronic diseases. Healthrelated quality of life was measured by SF 12 (Chinese version), which consists of physical and mental domains. 11 Body weight, standing height and sitting blood pressure were measured. Urine samples were taken after an overnight fast for sodium:potassium ratio, which is an estimate of salt intake. 12 The assay was performed in the Department of Chemical Pathology in Prince of Wales Hospital.
Cognitive tests included clinical dementia rating scale (CDR), 13 Chinese mini mental state examination (MMSE) 14 and category fluency test (CFT). In the latter, the subjects were asked to generate examples of some categories-vegetables, animals and fruits. This test has been validated in Hong Kong. 15 CDR 13 is an interview-based clinician-rated scale, aided by a standard questionnaire and informants who were hostel staffs familiar with the subjects. CDR global scores range from 0 (normal) to 3 (severe dementia). Global score of 0.5 indicates questionable dementia (QD), and score 1 or more indicates probable dementia. In this study, subjects with probable dementia were excluded.
Dietary intakes over 2 days were estimated by 24-h dietary recall via face to face interview by RA in those with intact memory according CDR.
Subjects' memory was aided by being presented with standard food portions of the three main meals in the previous 24 h. For those with impairment in the memory domain of CDR, food intakes during the three main meals were recorded by direct observation by RA. Intakes of snacks, fluid and fruit intake in between meals were enquired from all subjects. As fish was not provided everyday, the frequency of fish meals per week was obtained by the hostel menu and the subjects were asked on the percentage of fish food consumed when provided. Quantification of nutrients was determined by a dietary computer programme 'Food processor', which was based on food tables for Hong Kong and Mainland China. 16 In all participating hostels, PI and the research dietician gave a 1-h talk to residents and staff on the prevention of dementia and promoted the 'brain preservation diet' with the following targets: (1) fruit two portions a day; (2) vegetable three portions a day (emphasis on green leafy and cruciferous); (3) fish five portions a week; and (4) avoidance of salty foods. After baseline measurements of the eligible subjects, the homes were randomly assigned to intervention and control groups. Two hostels were randomized en bloc because they shared the same outside kitchen.
In the intervention group homes, a trained dietician conducted dietary support groups (group size ranged from 10 to 15 subjects), once in 3 weeks, totaling 20 times in the first year, each group session lasting 45 min. In the subsequent 21 months, the frequency of dietary groups was reduced to once in 6 weeks to reinforce the intervention. Each small group session had a specific theme that was related to healthy eating and the 'brain preservation diet'. There were a total of 17 themes. (see Supplementary Appendix 1) At each group session, apart from information sharing, interactive games with rewards of small gifts were played to reinforce learning. Apart from promoting 'brain preservation diet', the subjects were encouraged to take foods high in fiber and B vitamins. Individual dietary counselling was given as appropriate. In subjects who were found to have significant chewing problems, home staffs were advised to provide them with chopped food or soft diet.
The dietician also liaised closely with the hostel staffs and kitchen staff on the hostel menu and cooking methods. We suggested using less refined sugar and more fruits as flavouring in their recipes. Instead of using salt or other salty seasoning like fermented tofu and oyster sauce, we suggested using peppers, ginger, onion, spring onion, garlic, coriander and Chinese five spices powder. The hostel staffs also helped to promote the 'brain preservation diet' in their homes. In the control hostels, the dietician gave advice on menu at the beginning of the trial only.
All subjects were followed up at the old age hostels at month 12, 24 and 33. At each follow-up, food records or recall, fasting urine, medical history, clinical measurements and SF12 were repeated. To have more information about the dietary changes in the first 12 months, food intakes over 2 days were also recorded at month 4 and 8, and fasting urinary sodium: potassium were repeated at month 6. At baseline and all follow-visits, RA collected the hostel menu for the week to quantify the potential changes in vegetables, fish, high salt or fat dishes and the provision in fruit.
At 24th and 33rd month follow-up, a trained RA blinded from group assignment performed CDR, MMSE and CFT. Those who were found to have probable dementia on CDR (score 1 or more) at month 24 were excluded from further study or intervention, and were referred to specialist outpatient clinics for medical follow-up. For analysis, their CDR scores were assumed to remain the same at month 33.
The primary outcome was cognitive decline, which was defined as an increase in CDR score. The secondary outcomes were CDR sum of boxes, incidence of probable dementia (CDR ¼ 1 or more), MMSE, CFT, intakes of vegetables, fruit and fish, urine sodium/potassium ratio, blood pressures, body weight, SF12 physical, and domain scores.
Sample size calculation
According to a prospective study of 304 non-demented older people in a local social centre (average age of 80 years), 50 out of 168 (30%) of cognitively normal subjects had cognitive decline, and 28 out of 136 (21%) QD subjects developed dementia, after an average of 25 months follow-up. 17 Assuming that 50% of old age hostel residents had QD, it was extrapolated that 34% of non-demented older people would have cognitive decline after 33 months. Assuming a dropout rate of 20%, group sample size of 200 would have 80% power to detect a relative risk reduction of 40% at Po0.05. On subgroup analysis, group sample sizes of 100 QD subjects and normal subjects would have 80% power in detecting a relative risk reduction of 60% and 50%, respectively, at Po0.05.
Statistical analysis
Intention to treat analysis was adopted. The percentages of subjects who showed cognitive decline in both trial groups at 24th and 33rd month were compared by w 2 test. Subgroup analysis based on baseline CDR status was performed. Multiple logistic regression was performed to adjust for baseline characteristics and dietary intakes-age, sex, hypertension, diabetes mellitus, education, intakes of fruit, vegetable, fish and saturated fat. Group differences in secondary outcomes over time were examined by ANOVA. Mann-Whitney test and Student's t test were used to compare group differences for non-parametric and parametric data, respectively.
RESULTS
Between March and August 2006, 435 subjects in 14 homes were recruited, 6 subjects having been excluded because of probable dementia. In all, 204 subjects in six hostels were assigned to the intervention group and 225 subjects in eight hostels were assigned to the control group. A total of 58.8 and 66.2% of intervention and control group subjects had QD. The median number of subjects per hostel was 31 (range 18-47). The participation rates of the hostels ranged from 15.5 to 62.5%. There was no significant difference in participation rates between intervention and control homes. The subjects' characteristics were shown in Table 1 . Intervention group had more male subjects and had more education.
The dietary intakes of the trial subjects at baseline were compared in Table 2 . Intervention group subjects had significantly lower intakes in calories, protein and fish. Overall, 32.6, 27.2, and 53.6% of subjects met the dietary targets for fruit, vegetables and fish at baseline. When compared with cognitively normal subjects, the subjects with QD (CDR 0.5) had lower intakes of vegetables and fibers (2.3 ± s.d. 1.1 portions/day and 12.6 ± 4.8 g/day versus 2.8 ± 1.2 portions/day and 14.3 ± 5.4 g/day, Po0.005).
The numbers of subjects followed up and the reasons for drop out were shown in Figure 1 . CDR status was available in 79.7% of subjects at month 33. When compared with those who completed the trial, the dropout subjects were more likely to be men, and had lower BMI. At month 24, the dropout subjects were more likely to be men.
The average attendance rates of group activities in the intervention group were 79.6% in the first year and 71.5% subsequently. The food types of interest and their changes in the weekly menu of intervention and control hostels were shown in Table 3 . There were reductions in high salt and high fat dishes (median reduction of four meals and three meals per week, respectively, in the first 2 years) and an increase in vegetable dishes (median increase of 1.7 meal per week in the first year) in the intervention hostels, but there were no significant changes in fish meals and fruit. The menu in the control hostels changed very little.
The changes in dietary intakes in trial groups at follow-up were compared in Table 4 . The intervention group subjects had significantly less decline in fruit and fish intakes. Urine sodium:-potassium ratio was significantly increased in the intervention group at month 24. There was no significant interaction between baseline CDR status and the effect of dietary interventions on dietary intakes.
The proportions of subjects who had experienced cognitive decline at month 24 and 33 were compared in Table 5 . There was no significant group difference at month 33 or 24 with or without adjustment for baseline characteristics and dietary intakes. In subgroup analysis at month 24, there was a non-significant trend in favor of the intervention group subjects who were cognitively normal at baseline (P value ¼ 0.085, adjusted P value ¼ 0.065).
In multivariate logistic regression models involving all subjects, fruit intakes at baseline were significantly associated with lower risk of cognitive decline at month 24 (HR 0.66 (95% CI 0.49-0.90) and at month 33 (HR 0.68 (0.51-0.93)). Vegetable intakes at baseline were not associated with cognitive decline. On subgroup analysis, fruit intakes were associated with lower risk of cognitive decline in subjects with QD at month 24 and 33 (HR 0.42 (0.22-0.80) and 0.54 (0.33-0.87), respectively), but not in the cognitively normal subjects.
There were no significant group differences in changes in CDR sum of boxes, MMSE and CFT with or without adjustment for baseline characteristics and dietary intakes (see Supplementary Appendix 2). In multiple linear regression models involving all subjects, baseline dietary intakes were not significantly associated with any of the neurocognitive test scores. There were no significant group differences in changes in body weight, blood pressures and SF12.
DISCUSSION
This trial showed that dietary interventions in older people under institutional care were effective in maintaining fruit and fish intake. There was no significant group difference in the overall incidence of cognitive decline or dementia. There was, however, a borderline trend of less cognitive decline in the cognitively normal at month 24.
The old age hostels in Hong Kong, which provides shelter, supervision and social activities for non-disabled older people, were uniquely suitable for a trial of dietary interventions in older people. The residents shared a common menu, but they were still able to eat out and buy their own foods, as all the hostels had easy access to local shops in large public housing estates. Moreover, old age hostel residents were at high risk of cognitive decline because of advanced age and low education level. 18 Indeed, over half of the subjects had cognitive impairment at baseline.
As memory problem was common in this population, dietary intakes should ideally be estimated by food records. But because of limited resources, food records could only be performed for the three main meals, and the intakes of snacks and fruits were still based on the subjects' recall. Moreover, 24 h recall method instead of food record was used in those without memory problem, though recall was aided by presentation of actual food portions in the three main meals. Pilot data in 22 cognitively normal subjects suggested that the differences in vegetable Trial of dietetic interventions to prevent cognitive decline TCY Kwok et al portions estimated by food record and assisted 24 h recall methods were similar.
To avoid the Hawthorn effect, it was necessary to randomize the subjects by hostel rather than by individual subjects. This may account for the group differences in subjects' characteristics and dietary intakes at baseline. These differences were adjusted statistically in multivariate analysis and these factors were not significant predictors of cognitive decline. The lack of placebo intervention in the control hostels probably did not significantly bias the outcome as all hostels organized some social activities in most days.
The dietary pattern of the subjects at baseline was similar to those reported in local surveys of community dwelling older people, though the mean urinary sodium:potassium ratio was slightly higher (4.7±s.d. 2.2 versus 4.2±2.2). 19 With the active participation of hostel staffs in the intervention group, there were significant reduction in salty and fatty foods in the menu, and the dietary counselling groups had high attendance rates. However, the provision of fruit and fish by the hostels was limited because of budgetary constraints. In particular, all hostels could not afford to provide more than one portion of fruit per day. The choice of fruits has also been limited to oranges most of the time because of storage problems. To meet the dietary target, the subjects had to be motivated enough to buy their own fruits.
Despite this limitation, the dietary intervention was effective in promoting fruit intake, especially in the cognitively normal subjects. On the other hand, both trial group subjects had similar decline in vegetable intakes. In older people, it is challenging to promote fruit and vegetable intakes. A major reason is poor dental health and decline in chewing function. Unfortunately, older people in Hong Kong have poor dental status; for example, one third of community dwelling elders were found to be edentulous in a local study. 20 This study suggested that fruit intake may be more amenable to change with dietary intervention than vegetable intake.
The intervention group also had significantly less decline in fish intakes. But because of the higher baseline fish intake of the control group, the average fish intakes in both trial groups were probably similar during the trial period. Moreover, over half of our subjects met the target fish intakes at baseline, very few (1.2%) having no fish at all. In epidemiological studies, having fish once a week was already a significant protective effect against dementia. 21 It is therefore possible that further increase in fish intake does not confer additional protection against cognitive decline. Consistent with this view, docosahexaenoic acid supplementation failed to slow cognitive decline in Alzheimer disease in a recent randomized placebo controlled trial. 22 The dietary intervention was not successful in reducing salt intake. Although salty foods in the menu of the intervention homes were reduced significantly, the residents had the option of adding salty flavouring, for example, soya sauce to their foods. Low sodium soya sauce may be a healthier condiment to compensate for the loss of taste sensation associated with aging, comorbidities and medications. 23 Despite the relatively positive changes in fruits intakes, the risk of cognitive decline was not significantly reduced in the intervention group, though there was a non-significant trend of less cognitive decline in the cognitively normal subjects at month 24. The lack of significant cognitive response to increased fruit intakes could be explained by the small magnitude of change, the relatively high baseline intakes and the waning effect of dietary interventions after the first year.
It is noteworthy that fruit intake at baseline was significantly associated with less cognitive decline, especially in the cognitively impaired subjects. A pilot randomized trial of concord grape juice over 12 weeks resulted in significant improvement in verbal learning in people with mild cognitive impairment. 24 There is therefore a case for randomized trials of more focused interventions to increase fruit intake, for example, fruit juice or extra fruit provision, to prevent cognitive decline in the cognitively impaired older people.
The strength of this trial was its long duration in a relatively homogenous group of older people at high risk of cognitive decline. Although dietary assessments relied partially or completely on self-report and recall, they were repeated five times during the trial, providing fairly good data in evaluating the effectiveness of dietary intervention. The limitations included imperfect randomization, the lack of placebo control, the limited budget for dietary improvement and the lack of detailed neuropsychological data.
It was concluded that the dietary interventions were effective in maintaining intakes of fruits and fish in old age hostel residents, but this did not lead to a significant reduction in the risk of global cognitive decline. Trial of dietetic interventions to prevent cognitive decline TCY Kwok et al
